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Description 

[0001] This invention relates to cleaners for use in the microelectronics industry for cleaning integrated circuit sub- 
strates, more particularly for cleaning wafers and vias, without producing undue etching of wafer surfaces. 

^ [0002] The cleaning of integrated circuit (1C) substrates, such as silicon wafers, with metal-free alkaline solutions to 

remove organic and metal contamination is widely practiced. One commonly used alkaline solution of this type is known 
as SC-1 or RCA-1 and comprises an aqueous mixture of ammonium hydroxide, hydrogen peroxide, and water (1:1:5 
of 30% H 2 0 2 , 28% NH 4 OH and H 2 0). Various cleaning tasks can be accomplished with SC-1 , among these, the clean- 
ing of silicon wafers immediately after their fabrication, the cleaning of such wafers immediately prior to gate oxide 
10 growth, the removal of oxide etch residues later in the 1C processing sequence, and selective etching and resist par- 
ticulate removal. The purpose of the hydrogen peroxide is to protect the silicon metal from exposure to strong acids 
or bases by contin uously forming a protective oxide layer in order to prevent etching or roughening of the silicon surface. 
[0003] However, the presence of hydrogen peroxide in SC-1 formulations imparts an inherent instability to these 
solutions. Such solutions typically exhibit peroxide half-lives of less than one hour at 70°C. The hydrogen peroxide in 
15 the SC’ 1 solution in the presence of certain metals, particularly copper and iron, becomes unstable and decomposes 
in rapid exothermic fashion leading to potentially dangerous conditions. The hydrogen peroxide has a low tolerance 
for metal contamination. Additionally, the decomposed hydrogen peroxide drops the concentration of the hydrogen 
peroxide leading to the possibility of silicon etching producing wafers that are not acceptable for 1C manufacture. Thus, 
the decomposed hydrogen peroxide needs to be replenished and this changes the solution composition thereby varying 
20 the cleaning properties of the solution. In addition, the inherently high pH of the hydrogen peroxide solution presents 
undesirable safety and environmental concerns. 

[0004] Hydrogen peroxide-free 1C substrate cleaning solutions comprising simple aqueous solutions of quaternary 
ammonium hydroxides have been reported in Japanese Patent Publication No. 63-114132 and in U.S. Patent 
5,259,888. Oxide etch residue removal with such solutions has also been disclosed in EP Patent Publication 540,261 
25 and Japanese Patent Publication No. 05-259066. However, as disclosed in U.S. Patents 4,113,551 and 4,339,340, 
such solutions etch (poly)silicon and single crystal silicon wafers resulting in rough surfaces that may be unsuitable 
for further processing. During the later stages of 1C wafer fabrication, the original polished silicon surface has been 
covered with various oxide and metal layers. However, the backside of the wafer remains exposed to process fluids 
and must be protected similarly to the initial polished silicon surface. This silicon etching and resulting surface damage 
30 may be prevented by including hydrogen peroxide in the alkaline cleaning formulation as disclosed in Japanese Patent 
Publication No. 3-93229 and U.S. Patents 4,239,661 and 4,339,340. Other agents that reportedly suppress silicon 
etching include hydrazine as disclosed in Japanese Patent Publication No. 64-14924 and a certain nonionic surfactant, 
polyoxyethylene nonylphenol, as disclosed in U.S. Patents 4,239,661 and 4,339,340. However, polyoxyethylene no- 
nylphenol has recently been implicated as an environmental estrogen mimic. 

35 [0005] It is therefore desirable that an alkaline cleaner solution be available which does not require the presence of 

hydrogen peroxide, that is, a cleaner composition in which the addition of hydrogen peroxide or other oxidizing agents 
is optional. More particularly, it is an object of this invention to provide such an alkaline cleaner solution that does not 
require the presence of hydrogen peroxide or other oxidizing agent yet produces an effective wafer cleaning action 
without producing undue wafer roughness sufficient to render the wafers unacceptable for 1C manufacturing and 
40 processing, particularly for high density 1C manufacturing. A still further object of this invention is to provide such an 
effective cleaning solution that can be used to clean vias in processed wafers of resist and etching residue, i.e. residual 
ash and organic and inorganic contaminants. A still further object of this invention is to provide such alkaline cleaning 
compositions for cleaning wafers and producing a roughness of less than about 2.5 nm as the average distance in the 
Z direction between wafer peak heights and valleys. 

45 [0006] Alkaline cleaner compositions of this invention are provided by alkaline compositions containing aqueous 

metal ion free bases, a nonionic surfactant and a sufficient amount of a component to control or reduce the pH of the 
resulting cleaning solutions to a pH within the range of from pH 8 to pH 10 with the proviso that the nonionic surfactant 
is not selected from the group consisting of monoalkylethers of di-, tri- or tetraethylene glycols and monoalky (ethers 
of di-, tri-, or tetrapropylene glycols containing from 1 to 4 C-atoms in the alkyl radical, urea, acid esters of phosphoric 
so acid, polyglycol ethers, polyvinyl alcohols and polysaccharide derivatives. It has been found that all three components 
are required to produce an alkaline cleaner composition having effective wafer cleaning action without producing un- 
desirable wafer surface roughness. As the data in the following examples demonstrates, cleaner compositions con- 
taining only the base alone, or the base combined with only the nonionic surfactant, or the base combined with only 
the pH control component, are unable to produce alkaline cleaning compositions producing effective cleaning action 
ss as well as not producing undue wafer surface roughness, i.e. a Z-range roughness of less than 2.5 nm. In further 
embodiments of this invention, the alkaline cleaning compositions may additionally contain metal chelating agents and/ 
or oxidizing agents and the like. 

[0007] The alkaline cleaning compositions of this invention generally comprise an alkaline component in an amount 
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of up to 25% by weight, generally from 0. 1 to 1 0% by weight, a nonionic surfactant in an amount of up to 5% by weight, 
generally from 0.01 to 2% by weight, and a sufficient amount of a component to reduce or control the pH of the resulting 
cleaning solution to a pH within the range of from pH 8 to pH 10, generally said amount being within the range of from 
0.1 to 10% and preferably from 0.5 to 2% by weight of the total cleaner composition, the remaining balance of the 
s cleaner composition being made up of water, preferably high purity deionized water. 

[0008] Any suitable alkaline component may be used in the cleaner compositions of this invention. The alkaline 
components of these cleaners are preferably quaternary ammonium hydroxides, such as tetraalkyl ammonium hydrox- 
ides (including hydroxy- and alkoxy-containing alkyl groups generally of from 1 to 4 carbon atoms in the alkyl or alkoxy 
group) . The most preferable of these alkaline materials are tetramethyl ammonium hydroxide and trimethyl-2-hydrox- 
io yethyl ammonium hydroxide (choline). Examples of other usable quaternary ammonium hydroxides include: trimethyl- 
3-hydroxypropyl ammonium hydroxide, trimethyl-3-hydroxybutyl ammonium hydroxide, trimethyl-4-hydroxybutyl am- 
monium hydroxide, triethyl-2-hydroxyethyl ammonium hydroxide, tripropyl-2-hydroxyethyl ammonium hydroxide, trib- 
utyl-2-hydroxyethyl ammonium hydroxide, dimethylethyl-2-hydroxyethyl ammonium hydroxide, dimethyldi(2-hydrox- 
yethyl) ammonium hydroxide, monomethyltri(2-hydroxyethyl) ammonium hydroxide, tetraethyl ammonium hydroxide, 
is tetrapropyl ammonium hydroxide, tetrabutyl ammonium hydroxide, monomethyltriethyl ammonium hydroxide, mono- 
methyltripropyl ammonium hydroxide, monomethyltributyl ammonium hydroxide, monoethyltrimethyl ammonium hy- 
droxide, monoethyltributyl ammonium hydroxide, dimethyldiethyl ammonium hydroxide, dimethyldibutyl ammonium 
hydroxide, and the like and mixtures thereof. 

[0009] Other alkaline components are also operable including, for example, ammonium hydroxide, organic amines 
20 particularly alkanolamines such as 2-aminoethanol, 1-amino-2-propanol, 1-amino-3-propanol, 2-(2-aminoethoxy)eth- 
anol, 2-(2-aminoethylamino)ethanol, 2-(2-aminoethylamino)ethylamine and the like, and other strong organic bases 
such as guanidine. Mixtures of these additional alkaline components, particularly ammonium hydroxide, with the afore- 
mentioned tetraalkyl ammonium hydroxides are also useful. 

[0010] The alkaline cleaner compositions of this invention may contain any suitable nonionic surfactant with the 
25 proviso that the nonionic surfactant is not selected from the group consisting of monoalkylethers of di-, tri- or tetraeth- 
ylene glycols and monoalkylethers of di-, tri-, or tetrapropylene glycols containing from 1 to 4 C-atoms in the alkyl 
radical, urea, acid esters of phosphoric acid, polyglycol ethers, polyvinyl alcohols and polysaccharide derivatives. 
Among the various suitable nonionic surfactants useful in the cleaner compositions of this invention there may be 
mentioned, for example, low foaming nonionic surfactants such as alkynol surfactants, fluorinated surfactants such as 
30 fluorinated alkyl alkoxylates such as Fluorad FC-171 , fluorinated alkylesters such as FC-430 and FC-431 and fluori- 
nated polyoxyethylene alkanols such as Fluorad FC-1 70C, aliphatic acid esters of polyhydric alcohols, polyoxyethylene 
diols, siloxane type surfactants and alkylene glycol monoalkyl ethers such as butoxypropanol with the proviso that the 
nonionic surfactant is not selected from the group consisting of monoalkylethers of di-, tri- or tetraethylene glycols and 
monoalkylethers of di-, tri-, or tetrapropylene glycols containing from 1 to 4 C-atoms in the alkyl radical, urea, acid 
35 esters of phosphoric acid, polyglycol ethers, polyvinyl alcohols and polysaccharide derivatives. Preferred for use as 
nonionic surfactants in the alkaline cleaning compositions of this invention are alkyne surfactants, especially 
3,5-dimethylhexyne-3-ol (Surfynol-61 ), fluorinated alkyl polyoxyethylene ethanols, especially Fluorad® FC-170C and 
alkylene glycol monoalkyl ethers, especially butoxypropanol. The nonionic surfactants help partially to suppress silicon 
etching and also decrease surface tension of the cleaning compositions resulting in improved wetting of the surface 
40 to be cleaned and thereby improving the cleaning action of the composition. 

[0011] Any compound or mixture of compounds suitable for reducing the pH of the alkaline cleaner solutions of this 
invention, and which do not unduly adversely inhibit the cleaning action thereof or interfere with the resulting cleaned 
wafers, may be employed. As examples of such compounds there may be mentioned, for example, acids, bases and 
their salts acting as buffers, such as inorganic mineral acids and their salts, weak organic acids having a pKa of greater 
45 than 2 and their salts, ammonium salts, and buffer systems such as weak acids and their conjugate bases, for example, 
acetic acid and ammonium-acetate. Preferred for use as such components are acetic acid, potassium biphthalate, 
mixtures of ammonium chloride and ammonium acetate, especially a 1:1 mixture of these two salts, and mixtures of 
acetic acid and ammonia and other amines. 

[0012] The cleaning solutions of this invention can be used as is or formulated with additional components such as 
50 any suitable metal chelating agents to increase the capacity of the formulation to retain metals in solution. Typical 
examples of chelating agents for this purpose are the following organic acids and their salts: ethylenediaminetetraacetic 
acid (EDTA), butylenediaminetetraacetic acid, cyclohexane-1 ,2-diaminetetraacetic acid, diethylenetriaminepentaace- 
ticacid, ethylenediaminetetrapropionic acid, (hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), methyliminodiace- 
tic acid, propylenediaminetetraacetic acid, nitrilotriacetic acid (NTA), citric acid, tartaric acid, gluconic acid, saccharic 
55 acid, glyceric acid, oxalic acid, phthalicacid, maleic acid, mandelicacid, malonicacid, lactic acid, salicylic acid, catechol, 
8-hydroxyquinoline, N,N,N\N'-ethylenediaminetetra(methylene-phosphonic acid, and the like. 

[0013] Also, the addition of oxidizing agents to these formulations is also beneficial if the removal of organic con- 
tamination is an important concern. Hydrogen peroxide and the like is commonly used for this purpose. Any suitable 
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oxidizing agent may be employed, such as, for example, oxidizing anions, such as, for example, nitric acid and its salts 
and nitrate, persulfate, periodate, perbromate, perchlorate, iodate, bromate, and chlorate salts of ammonium. 

[0014] The invention is illustrated by, but not limited to the following examples. In the examples, the percentages are 
by weight unless specified otherwise. A t sign in the first column Tables indicates a reference example. 

5 

EXAMPLE 1 


[ 0015 ] Aqueous solutions of tetramethyl ammonium hydroxide (TMAH) comprising 0.1, 1.0, and 10% TMAH were 
prepared. Silicon wafer samples (<1,0,0> crystal face, polished on both sides) were placed in these solutions for 10 
io minutes at 90°C. After treatment, the "R z roughness" (defined as the average distance in the z direction between peak 
heights and valleys) was measured for each concentration. The pH of each solution was also recorded. These highly 
alkaline solutions severely damaged the silicon surfaces, as shown by the following results. 


TMAH Concentration % 

R z (Angstroms)** 

PH 

t 

0.1 

13,500 

12.4 

t 

1.0 

14,500 

13.1 

t 

10 

20,000 

14.2 


20 ** 1 Angstrom corresponds to 1 0' 1 0 m 


[0016] The formulations were repeated with the addition of a sufficient amount of a 1 :1 mixture of ammonium chloride 
and ammonium acetate to reduce the pH of the solutions to the indicated pH levels. 


25 


30 


TMAH Concentration % 

R z (Angstroms)** 

pH 

t 

0.1 

200 

8.0 

t 

0.1 

500 

7.1 

t 

1.0 

200 

9.2 

t 

1.0 

500 

8.0 

t 

10 

600 

9.4 


1 Angstrom corresponds to 10' 10 m 


Some reduction in roughness was achieved by pH reduction in this way However, the silicon surfaces were also too 
rough to be useful for further 1C processing. 

[ 0017 ] The formulations were repeated incorporating 0.01%, 0.1%, or 1.0% of the surfactant 3,5-dimethylhexyne- 
3-ol (Surfynol-61), in the aqueous solutions of TMAH but with no addition of components to reduce the pH of the 
solutions. Surfactant addition alone gave little improvement in surface roughness as shown by the following data. 


TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

t 

0.1 

0.01 

10.100 

12.1 

t 

0.1 

0.1 

4,000 

12.0 

t 

0.1 

1.0 

450 

12.1 

t 

1.0 

0.01 

15,000 

12.9 

t 

1.0 

0.1 

30,000 

13.0 

t 

1.0 

1.0 

4,000 

13.2 

t 

10 

1.0 

7,600 

14.2 


1 Angstrom corresponds to 10' 10 m 


55 [ 0018 ] Next, cleaner compositions were prepared comprising aqueous solutions of TMAH, Surfynol-61 surfactant 

and a sufficient amount of a 1:1 mixture of ammonium chloride and ammonium acetate to adjust the pH of the solutions 
to the indicated pH levels. The observed results were as follows. 
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TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

0.1 

0.01 

<25 

9.0 

0.1 

0.1 

30 

8.0 

0.1 

1.0 

<25 

8.0 

1.0 

0.01 

40 

9.3 

t 1.0 

0.1 

<25 

6.4 

1.0 

0.1 

<25 

9.2* 

1.0 

1.0 

<25 

9.4 

10 

1.0 

<25 

8.1 


IS * this run utilized potassium biphthalate for pH adjustment. 

** 1 Angstrom corresponds to 10' 10 m 

[0019] The silicon wafers resulting from this series of cleaner treatments', which combine the use of an alkaline 
component and a non ionic surfactant with effective pH control are of sufficiently low roughness to be suitable for typical 
20 integrated circuit manufacturing. 

EXAMPLE 2 

[0020] Alkaline cleaning solutions were evaluated for their ability to produce smooth silicon surfaces at a lower tem- 
25 perature, 70 °C, using the same procedure as in Example 1 . The observed results for aqueous TMAH solutions alone 
were as follows. 


30 


35 


TMAH Concentration % 

R z (Angstroms)** 

PH 

t 

0.1 

5,800 

12.0 

t 

1.0 

9,500 

13.1 

t 

10 

6,000 

14.2 


1 Angstrom corresponds to 1 0’^® m 


These highly alkaline solutions severely damaged the silicon surfaces even at 70°C. 

[0021 ] The formulations were repeated with the addition of a sufficient amount of a 1 : 1 mixture of ammonium chloride 
and ammonium acetate to reduce the pH of the solutions to the indicated pH levels. The results obtained were as follows. 


TMAH Concentration % 

R z (Angstroms)** 

PH 

t 

1.0 

300 

9.2 

t 

1.0 

100 

8.0 

t 

10 

300 

9.4 


1 Angstrom corresponds to 10* 10 m 


Some reduction in roughness was achieved by pH reduction in this way. However, the silicon surfaces again remained 
too rough for typical 1C processing. 

[0022] The formulations were repeated incorporating 0.01%, 0.1%, or 1.0% of 3,5-dimethylhexyne-3-ol. Surfactant 
addition alone gave little improvement in surface roughness, as shown by the following data. 


TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

t 

0.1 

0.01 

5,000 

12.1 

t 

0.1 

0.1 

700 

12 


1 Angstrom corresponds to 10* 10 m 


5 















EP 0 678 571 B1 


(continued) 


TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

t 

0.1 

1.0 

75 

12.1 

t 

1 

0.1 

12,500 

13 

t 

1 

1.0 

1,200 

13.2 

t 

10 

1.0 

4,000 

14.2 


10 ** 1 Angstrom corresponds to 1 0' 1 ® m 


[0023] Next, cleaner compositions were prepared comprising aqueous solutions of TMAH, Surfynol-61 surfactant 
and a sufficient amount of 1 :1 mixture of ammonium chloride and ammonium acetate to adjust the pH of the solutions 
to the indicated pH levels. The observed results were as follows. 


TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

0.1 

0.01 

<25 

9.0 

0.1 

0.1 

<25 

8.0 

0.1 

1.0 

<25 

8.0 

1.0 

0.1 

30 

9.3 

1.0 

0.1 

<25 

9.2* 

1.0 

1.0 

<25 

9.4 

10 

1.0 

<25 

8.1 


* this run utilized potassium biphthalate for pH adjustment. 
** 1 Angstrom corresponds to 10""*® m 


The silicon wafers resulting from this series of cleaner treatments, which combine the use of an alkaline component 
and a nonionic surfactant with effective pH control are of sufficiently low roughness to be suitable for typical integrated 
circuit manufacturing. 

3S EXAMPLE 3 

[0024] Alkaline cleaning solutions were evaluated for their ability to produce smooth silicon surfaces at an additional 
lower temperature, 50°C, using the same procedure as in Example 1. The observed results for aqueous TMAH solutions 
alone were as follows. 


TMAH Concentration % 

R z (Angstroms)** 

pH 

t 10 

700 

13.1 

t 10 

700 

14.2 


45 ** 1 Angstrom corresponds to 10* 1 ® m 


50 


55 


These highly alkaline solutions damaged the silicon surfaces even at 50°C. 

[0025] The 1 .0% TMAH concentration in the cleaner composition was repeated with the addition of a 1 :1 mixture of 
ammonium chloride and ammonium acetate to reduce the pH of the solution to the indicated pH level. 


TMAH Concentration % 

R z (Angstroms)** 

pH 

t i 

500 

9.2 


1 Angstrom corresponds to 1 0' 1 0 m 


Some reduction in roughness was achieved by pH reduction in this way. However, the resulting silicon surface was 
too rough for typical 1C processing. 

[0026] These formulations were repeated incorporating 0.01%, 0.1%, or 1 .0% of the surfactant 3,5-dimethyIhexyne- 
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10 


3-ol (Surfynol-61 ) in the aqueous TMAH solution with no addition of components to reduce the pH level of the solutions. 
Surfactant addition alone gave little improvement in surface roughness, as shown by the following observed data. 


TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

t 

1.0 

0.1 

2,500 

13 

t 

1.0 

1.0 

150 

13.2 

t 

10 

1.0 

1,600 

14.2 


* 1 Angstrom corresponds to 1 0‘ 10 m 


15 


20 


25 


[0027] Next, cleaner compositions were prepared comprising aqueous solutions of TMAH, Surfynol-61 surfactant 
and a sufficient amount of a 1 : 1 mixture of ammonium chloride and ammonium acetate to adjust the pH of the solutions 
to the indicated pH levels. The observed results were as follows. 


TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

1 

0.1 

<25 

9.3 

1 

0.1 

<25 

9.2* 

1 

1 

<25 

9.4 

10 

1 

<25 

8.1 


* this run utilized potassium biphthalate for pH adjustment. 

** 1 Angstrom corresponds to 10'^® m 

The silicon wafers resulting from this series of cleaner treatments, which combine the use of an alkaline component 
and a nonionic surfactant with effective pH control are of sufficiently low roughness to be suitable for typical integrated 
circuit manufacturing. 


30 


EXAMPLE 4 


35 


40 


45 


50 


55 


[0028] Examples 1-3 demonstrate the use of controlled pH alkaline mixtures containing the nonionic surfactant 
3,5-dimethylhexyne-3-ol as cleaning solutions without damaging the surface of silicon wafers. This example illustrates 
the use of other nonionic surfactants. 

[0029] Cleaner compositions of aqueous solutions of TMAH and the indicated surfactants, both without and then 
with the addition of acetic acid to adjust the pH of the solutions to the indicated pH levels, were prepared and tested 
on silicon wafer surfaces at 90°C for 10 minutes as described in Example 1 . The following data was observed. 


TMAH Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

t 

1.0 

Surfynol-104E (.05) 

1,600 

13.2 

1.0 

Surfynol-104E (.05) 

<25 

9.4 

t 

1.0 

Surfynol-104E (0.1) 

500 

13.3 

1.0 

Surfynol-104E (0.1) 

<25 

9.4 

t 

1.0 

Surfynol-400 (0.1) 

250 

13.3 

1.0 

Surfynol-400 (0.1) 

<25 

9.5 

t 

1.0 

Fluorad® FC-170C (0.1) 

950 

13 

t 

1.0 

Fluorad® FC-170C (0.1) 

<25 

7.9* 

t 

1.0 

Fluorad® FC-431 (0.1) 

350 

13.2 

1.0 

Fluorad® FC-431 (0.1) 

<25 

9.3 

t 

1.0 

Silwet L-7604 (0.1) 

1,450 

13.5 


* this example utilized a 1 :1 mixture of ammonium chloride and ammonium acetate to adjust the pH of the aqueous solution. 
** 1 Angstrom corresponds to 10* 10 m 
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TMAH Concentration % 

Surfactant Concentration % 

R 2 (Angstroms)** 

pH 

1.0 

Silwet L-7604 (0.1) 

<25 

9.2 

t 1.0 

Silwet L-7607 (0.1) 

1,150 

13.5 

1.0 

Silwet L-7607 (0.1) 

<25 

9.3 

t 0.5 

1 -butoxy-2-propanol (2.0) 

750 

12.6 

0.5 

1 -butoxy-2-propanol (2.0) 

<25 

9.2 


[0030] Only when the pH had been adjusted to within the range of pH 8.0 to 10.0 was the surface of the wafers of 
sufficiently low roughness to be suitable for typical integrated circuit manufacturing. 

[0031] Similar cleaner compositions of aqueous solutions of TMAH and the indicated surfactants, both without and 
then with acetic acid to adjust the pH of the solutions to the indicated pH levels, were prepared and tested on silicon 
wafer surfaces at 70°C for 10 minutes. 


entration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

1.0 

Surfynol-104E (.05) 

250 

13.2 

1.0 

SurfynoM04E (.05) 

<25 

9.4 

1.0 

Surfynol-104E (0.1) 

250 

13.3 

1.0 

Surfynol-104E (0.1) 

<25 

9.4 

1.0 

Surfynol-440 (0.1) 

100 

13.3 

1.0 

Surfynol-440 (0.1) 

<25 

9.5 

1.0 

Fluorad® FC-170C (0.1) 

50 

13 

1.0 

Fluorad® FC-170C (0.1) 

<25 

7.9 1 

1.0 

Fluorad® FC-430 (0.1) 

250 

13.3 

1.0 

Fluorad® FC-430 (0.1) 

<25 

9.4 

1.0 

Silwet L-7607 (0.1) 

650 

13.5 

1.0 

Silwet L-7607 (0.1) 

<25 

9.3 

0.5 

1 -butoxy-2-propanol (2.0) 

50 

12.6 

0.5 

1 -butoxy-2-propanol (2.0) 

<25 

9.2 


* this example utilized a 1 :1 mixture of ammonium chloride and ammonium acetate to adjust the pH levels of the aqueous solutions. 

** 1 Angstrom corresponds to m 

[0032] Only when the pH had been adjusted to within the range of pH 8.0 to 10.0 was the surface of the wafers of 
sufficiently low roughness to be suitable for typical integrated circuit manufacturing. 

[0033] The chemical designations of the surfactants employed in this Example 4 are as follows. 


Trade Name 
Surfynol-104E 
Surfynol-440 
Fluorad® FC-170C 
Fluorad® FC-430 
Fluorad® FC-431 
Silwet L-7604 


Chemical Description 
2,4,7,9-tetrarnethyl-5-decyne-4,7-dioI 
ethoxylated tetramethyldecyndiol 
fluorinated alkyl polyoxyethylene ethanols 
fluorinated alkyl esters 
fluorinated alkyl esters 
organomodified polymethylsiloxane 
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(continued) 


Trade Name 

Chemical Description 

Silwet L-7607 

polyalkyleneoxide modified polydimethylsiloxane 


EXAMPLE 5 

[0034] Other metal-free aqueous alkaline base components may be utilized in the cleaner compositions of this in- 
10 vention in place of the aqueous TMAH used in the preceding examples. The following data was obtained similarly to 
Example 1 at 90°C for 10 minutes with Surfynol-61 utilized as the surfactant and acetic acid utilized to adjust the pH 
of the aqueous solutions to within a pH range of from pH 8.0 to 10.0. 


Base Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

pH 

t tetraethylammonium hydroxide (1 .0) 

none 

22,000 

13.1 

t tetraethylammonium hydroxide (1 .0) 

0.1 

12,500 

13.2 

tetraethylammonium hydroxide (1.0) 

0.1 

<25 

9.2 

t choline (1.0) 

none 

6,200 

12.9 

t choline (1.0) 

0.1 

1,100 

13.1 

choline (1.0) 

0.1 

<25 

9.2 


** 1 Angstrom corresponds to 10’ 10 m 


[0035] The following data for cleaner compositions containing other alkaline base components was obtained similarly 
at 70°C for 10 minutes. 


Base Concentration % 

Surfactant Concentration % 

R z (Angstroms)** 

PH 

t 

tetraethylammonium hydroxide (1.0) 

none 

5,000 

13.1 

t 

tetraethylammonium hydroxide (1 .0) 

0.1 

3,300 

13.2 

tetraethylammonium hydroxide (1.0) 

0.1 

<25 

9.2 

t 

choline (1 .0) 

none 

4,300 

12.9 

t 

choline (1.0) 

0.1 

250 

13.1 

choline (1.0) 

0.1 

<25 

9.2 

t 

2-aminoethanol (2.0) 

none 

16,000 

11.9 

t 

2-aminoethanol (2.0) 

0.1 

1,200 

12.0 

2-aminoethanol (2.0) 

0.1 

<25 

9.2 

t 

guanidine carbonate (2.0) 

none 

6,400 

11.5 

t 

guanidine carbonate (2.0) 

0.1 

500 

11.5 

guanidine carbonate (2.0) 

0.1 

50 

9.2 


** 1 Angstrom corresponds to 10' 1 ® m 


50 [0036] The data also shows that the benefits of this invention are obtained with aqueous alkaline cleaner compositions 

containing a variety of alkaline base components. 

EXAMPLE 6 

55 [0037] A cleaner bath containing a preferred formulation of this invention was prepared by mixing: 7.6 l of water, 79 

gl of tetramethylammonium hydroxide, 7.9 gl of EDTA, 1 50 gl of 1 -butoxy-2-propanol, and 1 50 gl of ammonium acetate. 
This cleaner bath was used to clean silicon wafers (a total of 12,560 cm 2 in area) at room temperature with the unpol- 
ished wafer backs exposed. The silicon wafers had been processed in the manner described hereinafter. 
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[0038] Silicon wafers were obtained that had been processed in the following manner: 

a. metallization with copper/aluminum alloy followed by titanium and then titanium nitride; 

b. coating with a silicon oxide dielectric using chemical vapor deposition; 

5 c. lithographic patterning of 0.5 to 1 .0 microns vias using a photoresist material; 

d. pattern transfer to the dielectric layer using reactive ion etching; 

e. plasma ashing to remove most of the residual photoresist. 

[0039] The resulting patterned wafers were contaminated with a considerable amount of residual ash that comprised 
JO a mixture of organic materials from the photoresist and inorganic materials from the underlying metal layer that had 
been partially exposed during step (d). The use of the hereinbefore described cleaner bath formulation as well as the 
following controlled pH alkaline cleaning solutions, all of which contained water, tetramethyl ammonium hydroxide, a 
nonionic surfactant (either 3,5-dimethylhexyne-3-ol or 1 -butoxy-2-propanol), and a chelating agent (EDTA) and one of 
the following listed pH reducing components, removed this residual ash without damaging any silicon or metal features 
75 that were present. 


pH Reducing Component 

pH 

Ammonium acetate 

9.3-10.0 

Ammonium acetate, ammonium hydroxide 

9-10 

Acetic acid, ammonium hydroxide 

9.5-10 

Acetic acid, 1-amino-2-propanol 

9.5-10 

Acetic acid, hydrogen peroxide 

9.3 ; 

Ammonium acetate, hydrogen peroxide 

9.5 

Ammonium acetate, nitric acid 

9.5 

Ammonium nitrate 

8.9-10.0 

Ammonium chloride, ammonium acetate, hydrogen peroxide 

9.6-10.0 

Ammonium chloride, ammonium acetate, ammonium periodate 

9-10 

Ammonium chloride, ammonium acetate, ammonium nitrate 

9.4-10.0 

Ammonium chloride, ammonium acetate, ammonium persulfate 

9-10 


[0040] Photoresist ash residues were successfully removed. The bath was analyzed for silicon content after use 
giving <0.2 ppm of dissolved Si demonstrating that the desired cleaning was achieved without etching exposed silicon 
or silicon dioxide circuit elements. 

EXAMPLE 7 


[0041] This example demonstrates the metal removal capabilities of a cleaner formulation for the removal of alumi- 
num, copper, and iron from metal-contaminated silicon wafers. Cleaner Formulation A was prepared by dissolving 
ethylenediaminetetraacetic acid (EDTA), ammonium acetate, tetramethyl ammonium hydroxide, and 3,5-dimethyl- 
hexyne-3-ol in deionized water. Cleaner Formulation B was similarly prepared substituting nitrilotriacetic acid (NTA) 
for the EDTA. Both formulations exhibited a pH of approximately 10. Metal-contaminated wafers were cleaned in these 
solutions for 1 0 minutes at 70°C. The wafers were removed from the cleaner, rinsed in deionized water, and dried. The 
remaining amount of wafer metal contamination was measured by washing the wafers with dilute hydrochloric acid 
which was then analyzed for aluminum, copper, and iron. The observed results were as follows. 
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EXAMPLE 8 

[0042] In another embodiment of the present invention an aqueous alkaline cleaner (Formulation C) containing te- 
tramethyl ammonium hydroxide (0.5%), EDTA (0,1%), ammonium chloride (0,3%), ammonium acetate (0.3%), hydro- 
5 gen peroxide (1 .0%), and 3,5-dimethylhexyne-3-ol (0.1%) was directly compared to a conventional SC-1 cleaner con- 
taining, by volume, one part concentrated ammonium hydroxide, one part 30% hydrogen peroxide, and live parts of 
deionized water. Both cleaning solutions were purposely contaminated with 5 micrograms/liter each of aluminum, iron, 
and nickel, and 10 microg rams/liter of copper introduced as nitrate salts. Silicon wafers were cleaned in these solutions 
for 10 minutes at 70°C after which they were rinsed in deionized water, and dried. Residual metal contamination on 
io the wafers was then measured using hydrogen fluoride vapor phase decomposition of the native oxide layer of the 
silicon wafer followed by scanning the wafer surface with a small volume of water. This water was removed and analyzed 
by inductively coupled plasma analysis with mass spectral detection giving the following results. 


is 


20 


[0043] These data clearly show the superior cleaning ability of Formulation C versus that of a conventional cleaner 
for metal removal from silicon wafer surfaces. 

25 EXAMPLE 9 

[0044] Silicon wafers were cleaned as in Example 8 and an Atomic Force Microscope (AFM) was used to examine 
the surfaces for roughness before and after cleaning. Roughness is reported in this example as "mean roughness" 
(R a ) which is defined as the mean value of the surface relative to the center plane and is calculated using: 


Cleaning Formulation 

x 10 10 atoms/cm 2 

Aluminum 

Copper 

Nickel 

Iron 

t none (untreated wafer) 

42 

<6 

21 

72 

t SC-1 

2,800 

<15 

5 

743 

Formulation C 

52 

<6 

<2 

35 


Ra= 


3S 


L y L * 


L L x 

Jl y fl | J (x,y) | dxdy 


where J(x,y) is the surface relative to the center plane and L* and L y are the dimensions of the surface in two dimensions. 
[0045] The untreated, polished wafer with its normal covering of native oxide has an Ra of 0.1 40 nanometers. When 
this surface is exposed to SC-1 the R a value increases to 0.185 nanometers. However, exposure to Formulation C 
40 beneficially lowers this R a value to 0.137 nanometers. 


Sample 

R a (nanometers) 

t none (untreated wafer) 

0.140 

t SC-1 

0.185 

Formulation C 

0.137 


EXAMPLE 10 

50 

[0046] Flamed 57 mm. quartz wafers were used which were stored in sealed quartz petri dishes to avoid organic 
contamination. These wafers were cleaned as in Example 8 and analyzed for organic contamination using plasma 
chromatography coupled with mass spectroscopy (PC/MS). This technique involves heating to volatilize any adhering 
organic materials. The volatilized molecules are ionized and separated into identifiable fractions by passing them 
55 through a potential gradient. The high sensitivity of PC/MS allows detection of one part of organic material in 1 0 13 parts 
of matrix. 

[0047] The untreated wafer was simply rinsed in deionized water for ten minutes at room temperature. The PC/MS 
spectrum for this untreated wafer had two ion mass peaks (293 and 337 mass units) which are due to the environmen- 
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tally ubiquitous phthalate esters, common plasticizers used in laboratory equipment A wafer cleaned as in Example 
8 using SC-1, gave a PC/MS spectrum having six new ion mass peaks (300, 335, 371, 411, 436, 533 mass units) 
indicative of more organic contamination than the untreated control. A wafer cleaned as in Example 8 using a formu- 
lation containing TMAH (1 %), EDTA (0.1%), ammonium chloride (0.3%), ammonium acetate (0.3%), hydrogen peroxide 

5 (7%) and 3,5-dimethylhexyne-3-ol (0.2%), gave a PC/MS spectrum having three ion mass peaks (300, 337 and 372 

mass units). This spectrum shows less organic contamination than that indicated for SC-1. Thus, this cleaner formu- 
lation of this invention reduces residual volatile organics on this wafer to less than the standard SC-1 treatment. This 
Example shows that negligible residue was left by the organic components of this formulation insuring that further 1C 
processing can proceed without interference. 

10 

Claims 

1 . An alkaline cleaning solution for microelectronics substrates comprising an aqueous metal ion free base, a nonionic 

is surfactant and an effective amount of a pH reducing chemical component to reduce or control the pH of the cleaning 

solution to a pH within the range of from pH 8 to pH 10 with the proviso that the nonionic surfactant is not selected 
from the group consisting of monoalkylethers of di-, tri- or tetraethylene glycols and monoalkyl ethers of di-, tri-, or 
tetrapropylene glycols containing from 1 to 4 C-atoms in the alkyl radical, urea, acid esters of phosphoric acid, 
polyglycol ethers, polyvinyl alcohols and polysaccharide derivatives. 

20 

2. An alkaline cleaning solution for microelectronics substrates according to Claim 1 comprising from 0.1% to 25% 
by weight of an aqueous metal ion free base selected from ammonium hydroxide, alkanolamines, guanidine, qua- 
ternary ammonium hydroxides and mixtures thereof, from 0.01% to 5% by weight of a nonionic surfactant selected 
from the group consisting of alkynol surfactants, fluorinated alkyl alkoxylates, fluorinated alkyl esters, fluorinated 

25 polyoxyethylene alkanols, aliphatic acid esters of polyhydric alcohols, polyoxyethylene diols, siloxane surfactants 

and alkylene glycol monoalkyl ethers and mixtures thereof and from 0.1% to 10% by weight of a pH reducing 
chemical component to reduce or control the pH of the cleaning solution to a pH within the range of from pH 8 to 
pH 10 and wherein the chemical component to reduce or control the pH of the cleaning solution is selected from 
the group consisting of acids, bases and their salts and buffer systems of weak organic acids and conjugate bases. 

30 

3. An alkaline cleaning solution according to any one of Claims 1 or 2 wherein the metal ion free base is selected 
from a tetraalkyl ammonium hydroxide wherein the alkyl group is an unsubstituted alkyl group or an alkyl group 
substituent with a hydroxy or alkoxy radical. 

35 4. A cleaning solution according to any one of Claims 1 or 2 wherein the metal ion free base is selected from tetram- 

ethyl ammonium hydroxide, tetraethyl ammonium hydroxide and trimethyl-2-hydroxyethyl ammonium hydroxide. 

5. A cleaning solution according to any one of Claims 1 or 2 wherein the metal ion free base is an alkanolamine or 
a guanidine compound. 

40 

6. A cleaning solution according to any one of claims 1 to 5 wherein the nonionic surfactant is selected from the group 
consisting of alkynol surfactants, fluorinated polyoxyethylene alkanol surfactants, siloxane surfactants and alkylene 
glycol monoalkyl ether surfactants. 

45 7. A cleaning solution according to Claim 6 wherein the nonionic surfactant is selected from the group consisting of 

3,5-dimethy!hexyne-3ol, a fluorinated polyoxyethylene ethanol and butoxypropanol. 

8 . A cleaning solution according to any one of Claims 1 to 7 additionally comprising a metal chelating agent. 

50 9. A cleaning solution according to Claim 8 wherein the metal chelating agent is ethylenediaminetetraacetic acid. 

10. A cleaning solution according to any one of Claims 1 to 9 additionally comprising an oxidizing agent. 

11. A cleaning solution according to Claim 10 wherein the oxidizing agent is selected from hydrogen peroxide, nitric 

55 acid and its salts, and the persulfate, periodate, perbromate, perchlorate, iodate, bromate or chlorate salts of 

ammonium. 

12. A cleaning solution according to any one of Claims 1 to 11 wherein the chemical- component to reduce the pH of 
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the cleaning solution is selected from acetic acid, potassium biphthalate, a mixture of ammonium acetate with 
ammonium chloride, and a mixture of acetic acid with ammonia. 

1 3. A cleaning solution according to any one of Claims 1 , 2 or 9 comprising water, tetramethyl ammonium, hydroxide, 

5 3,5-dimethylhexyne-3-ol, ammonium chloride and ammonium acetate. 

14. A cleaning solution according to any one of Claims 1 , 2 or 9 comprising water, tetramethyl ammonium hydroxide, 
acetic acid, ammonia or an alkanolamine and 1 -butoxy-2-propanol. 

io 1 5. Use of a cleaning composition according to any one of Claims 1 to 1 4 for cleaning a microelectronics wafer substrate 
and maintaining wafer surface smoothness. 

16. Use of a cleaning solution according to any one of Claims 1 to 14 for cleaning vias in a microelectronic wafer 
substrate. 

15 

Patentanspruche 

1 . Alkalische Reinigungslosung fur mikroelektronische Substrate, umfassend eine wasserige metallionenfreie Base, 

20 ein nichtionisches Tensid und eine wirksame Menge eines pH-reduzierenden chemischen Bestandteils zum Re- 

duzieren Oder Regeln des pH-Wertes der Reinigungslosung auf einen pH-Wert im Bereich von pH 8 bis pH 10, 
mit der MaBgabe, dass das nichtionische Tensid nicht ausgewahlt ist aus Monoalkylethern von Di-, Tri- oder Te- 
traethylenglykolen und Monoalkylethern von Di-, Tri- oder Tetrapropylenglykolen mit 1 bis4C-Atomen im Alkylrest, 
Harnstoff, Saureestern der Phosphorsaure, Polyglykolethern, Polyvinylalkoholen und Polysaccharid-Derivaten. 

25 

2 . Alkalische Reinigungslosung fur mikroelektronische Substrate nach Anspruch 1, umfassend 0,1 Gew.-% bis 25 
Gew.-% einerwasserigen metallionenfreien Base, ausgewahlt aus Ammoniumhydroxid, Alkanolaminen, Guanidin, 
quartaren Ammon iumhydroxiden und Gemischen davon, 0,01 Gew.-% bis 5 Gew.-% eines nichtionischen Tensids, 
ausgewahlt aus Alkinol-Tensiden, fluorierten Alkylalkoxylaten, fluorierten Alkylestern, fluorierten Polyoxyethylenal- 

30 kanolen, aliphatischen Saureestern von Polyalkoholen, Polyoxyethylendiolen, Siloxan-Tensiden und Alkylengly- 

colmonoalkylethern und Gemischen davon, sowie 0,1 Gew.-% bis 10 Gew.-% eines pH-reduzierenden chemischen 
Bestandteils zum Reduzieren oder Regeln des pH-Wertes der Reinigungslosung auf einen pH-Wert im Bereich 
von pH 8 bis pH 10, wobei der chemische Bestandteil zum Reduzieren oder Regeln des pH-Wertes der Reini- 
gungslosung ausgewahlt ist aus Sauren, Basen und ihren Salzen sowie Puffersystemen aus schwachen organi- 
cs schen Sauren und konjugierten Basen. 

3. Alkalische Reinigungslosung nach einem der Anspruche 1 oder 2, wobei die metallionenfreie Base ausgewahlt 
ist aus Tetraalkylammoniumhydroxid, in dem der Alkylrest ein unsubstituierter Alkylrest oder ein Alkylsubstituent 
mit einem Hydroxy- oder Alkoxyrest ist. 

40 

4 . Reinigungslosung nach einem der Anspruche 1 oder 2, wobei die metallionenfreie Base ausgewahlt ist aus Te- 
tramethylammoniumhydroxid, Tetraethylammoniumhydroxid und Trimethyl-2-hydroxyethylammoniumhydroxid. 

5. Reinigungslosung nach einem der Anspruche 1 oder 2, wobei die metallionenfreie Base ein Alkanolamin oder eine 

45 Guanidinverbindung ist. 

6 . Reinigungslosung nach einem der Anspruche 1 bis 5, wobei das nichtionische Tensid ausgewahlt ist aus Alkinol- 
Tensiden, fluorierten Polyoxyethylenalkanol-Tensiden, Siloxan-Tensiden und Alkylenglykolmonoalkylether-Tensi- 
den. 

50 

7 . Reinigungslosung nach Anspruch 6, wobei das nichtionische Tensid ausgewahlt ist aus 3,5-Dimethylhexin-3-ol, 
einem fluorierten Polyoxyethylenethanol und Butoxy propanol. 

8. Reinigungslosung nach einem der Anspruche 1 bis 7, welche zusatzlich ein Metallkomplexierungsmittel umfasst. 

55 

9. Reinigungslosung nach Anspruch 8, wobei das Metallkomplexierungsmittel Ethylendiamintetraessigsaure ist. 

10 . Reinigungslosung nach einem der Anspruche 1 bis 9, welche zusatzlich ein Oxidationsmittel umfasst. 
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11. Reinigungslosung nach Anspruch 10, wobei das Oxidationsmittel ausgewahlt ist aus W&sserstoffperoxid, Salpe- 
tersaure und ihren Salzen, sowie den Persulfat-, Perjodat-, Perbromat-, Perchlorat-, Jodat-, Bromat- Oder Chlo- 
ratsalzen von Ammonium. 

5 12. Reinigungslosung nach einem der Anspruche 1 bis 11, wobei derchemische Bestandteil zum Reduzieren des pH- 

Wertes der Reinigungslosung ausgewahlt ist aus Essigsaure, Kaliumbiphthalat, einem Gemisch von Ammonium- 
acetat mit Ammon iumchlorid und einem Gemisch von Essigsaure mit Ammoniak. 

13. Reinigungslosung nach einem der Anspruche 1, 2 oder 9, umfassend Wasser, Tetramethylammoniumhydroxid, 

io 3,5-Dimethylhexin-3-ol, Ammoniumchlorid und Ammoniumacetat. 

14. Reinigungslosung nach einem der AnsprOche 1, 2 oder 9, umfassend Wasser, Tetramethylammoniumhydroxid, 
Essigsaure, Ammoniak oder ein Alkanolamin sowie 1 -Butoxy-2-propanol. 

15 15. Verwendung einer Reinigungszusammensetzung nach einem der Anspruche 1 bis 14 zur Reinigung eines mikro- 

elektronischen Wafersubstrates und Erhaltung der Glatte der Waferoberflache. 

16. Verwendung einer Reinigungslosung nach einem der Anspruche 1 bis 14 zur Reinigung von Verbindungsbahnen 
(vias) eines mikroelektronischen Wafersubstrats. 

20 


Revendications 

1. Solution alcaline de nettoyage pour des substrats microelectroniques comprenant une base aqueuse sans ions 

25 metalliques, un tensioactif non ionique et une quantite efficace d'un composant chimique reduisant le pH pour 

rbduire ou controler le pH de la solution de nettoyage & un pH situb dans le domaine de pH 8 k pH 10 & condition 
que le tensioactif non ionique ne soit pas choisi dans le groupe consistant en les monoalkylethers de di-, tri- ou 
tetraethyleneglycols et les monoalkylethers de di-, tri- ou tetrapropyleneglycols contenant de 1 a 4 atomes de 
carbone dans le radical alkyle, I'urbe, les esters acides de I'acide phosphorique, les polyglycolSthers, les poly 
30 (alcool vinyliques) et les d6riv6s de polysaccharides. 

2. Solution alcaline de nettoyage pour des substrats microelectroniques selon la revendication 1 , comprenant de 0,1 
% & 25 % en masse d'une base aqueuse sans ions metalliques choisie parmi I'hydroxyde d’ammonium, les alca- 
nolamines, la guanidine, les hydroxydes d'ammonium quatemaire et leurs melanges, de 0,01 % a 5 % en masse 

35 d'un tensioactif non ionique choisi dans le groupe consistant en les tensioactifs alcynols, les alcoxylates d'alkyle 

fluores, les alkylesters fluorbs, les polyoxy£thyl£nealcanols fluores, les esters d'acides aliphatiques et d'alcools 
polyfonctionnels, les polyoxyethylenediols, les tensioactifs siloxane et les monoalkylethers d'alkyleneglycols et 
leurs melanges et de 0,1 % a 10 % en masse d'un composant chimique reduisant le pH pour reduire ou controler 
le pH de la solution de nettoyage & un pH situ6 dans le domaine de pH 8 & pH 10 et ou le composant chimique 
40 pour r6duire ou contr6ler le pH de la solution de nettoyage est choisi dans le groupe consistant en les acides, les 

bases et leurs sels et les systemes tampons d'acides organiques faibles et de bases conjuguees. 

3. Solution alcaline de nettoyage selon l’une quelconque des revendications 1 et 2, ou la base sans ions metalliques 
est choisie parmi un hydroxyde de tetraalkylammonium ou le groupe alkyle est un groupe alkyle non substitue ou 

45 un groupe alkyle substitue par un radical hydroxyle ou alcoxy. 

4. Solution de nettoyage selon I'une quelconque des revendications 1 et 2, ou la base sans ions mbtalliques est 
choisie parmi I'hydroxyde de tetramethylammonium, I'hydroxyde de tetraethylammonium et I'hydroxyde de trime- 
thyl-2-hydroxyethylammonium. 

50 

5. Solution de nettoyage selon I'une quelconque des revendications 1 et 2, ou la base sans ions metalliques est une 
alcanolamine ou un compose de la guanidine. 

6. Solution de nettoyage selon I’une quelconque des revendications 1 & 5, ou le tensioactif non ionique est choisi 

55 dans le groupe consistant en les tensioactifs alcynols, les tensioactifs polyoxyethylenealcanols fluores, les ten- 

sioactifs siloxane et les tensioactifs monoalkylethers d'alkyleneglycols. 

7. Solution de nettoyage selon la revendication 6, ou le tensioactif non ionique est choisi dans le groupe consistant 
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en le 3,5-dimethylhexyn-3-ol p un polyoxyethylenebthanol fluore et le butoxy propanol. 

8. Solution de nettoyage selon I'une quelconque des revendications 1 a 7, comprenant en outre un agent chelatant 
les metaux. 

5 

9. Solution de nettoyage selon la revendication 8, ou I'agent ch6latant les m6taux est I'acide 6thyl6nediaminet6traa- 
c^tique. 

10. Solution de nettoyage selon I’une quelconque des revendications 1 & 9, comprenant en outre un agent oxydant. 

io N 

11. Solution de nettoyage selon la revendication 10, ou I'agent oxydant est choisi parmi le peroxyde d'hydrogene, 
I'acide nitrique etses sels, et les sels persulfate, periodate, perbromate, perchlorate, iodate, bromate ou chlorate 
d'ammonium. 


is 12. Solution de nettoyage selon I'une quelconque des revendications 1 k 11 , ou le composant chimique pour reduire 
le pH de la solution de nettoyage est choisi parmi I'acide acbtique, le biphtalate de potassium, un mblange d'ac6tate 
d'ammonium et de chlorure d'ammonium et un melange d'acide acetique et d'ammoniac. 

13. Solution de nettoyage selon I'une quelconque des revendications 1, 2 et 9, comprenant de I'eau, de I’hydroxyde 

20 de tetramethylammonium, du 3,5-dimethylhexyn-3-ol, du chlorure d'ammonium et de I'acetate d'ammonium. 

14. Solution de nettoyage selon I'une quelconque des revendications 1, 2 et 9, comprenant de I'eau, de I'hydroxyde 
de t6tram6thylammonium, de I'acide antique, de I'ammoniac ou une alcanolamine et du 1 -butoxy-2-propanol. 

25 is. Utilisation d’une composition de nettoyage selon I'une quelconque des revendications 1 a 14, pour nettoyer un 
substrat de type plaquette micro6Iectronique et pour maintenir le Iiss6 de la surface de la plaquette. 

16. Utilisation d'une solution de nettoyage selon I'une quelconque des revendications 1 a 14, pour nettoyer des tra- 
verses dans un substrat de type plaquette micro-6lectronique. 

30 
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